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Abstract: This research deals with stock market reactions of Central Eastern and South Eastern
European (CESEE) markets to the COVID-19 pandemic, via the event study methodology approach.
Since the stock markets react quickly to certain announcements, the used methodology is appropriate
to evaluate how the aforementioned markets reacted to certain events. The purpose of this research
was to evaluate possibilities of obtaining profits on the stock markets during great turbulences, when
a majority of the participants panic. More specifically, the contrarian trading strategies are observed if
they can obtain gains, although a majority of the markets suffer great losses during pandemic shocks.
The contributions to the existing literature of this research are as follows. Firstly, empirical research
on CESEE stock markets regarding other relevant topics is still scarce and should be explored more.
Secondly, the event study approach of COVID-19 effects utilized in this study has (to the knowledge
of the author) not yet been explored on the aforementioned markets. Thirdly, based on the results
of CESEE market reactions to specific announcements regarding COVID-19, a simulation of simple
trading strategies will be made in order to estimate whether some investors could have profited
in certain periods. The results of the study indicate promising results in terms of exploiting other
investors’ panicking during the greatest decline of stock market indices. Namely, the initial results,
as expected, indicate strong negative effects of specific COVID-19 announcements on the selected
stock markets. Secondly, the obtained information was shown to be useful for contrarian strategy
in order to exploit great dips in the stock market indices values.

Keywords: event study methodology; pandemic; emerging stock markets; COVID; coronavirus;
pandemics

1. Introduction

As of today, much research exists on the novel coronavirus (COVID-19 henceforward),
which examines effects on the stock markets, economies, health institutions, and overall
human health [1–6]. The research has exploded over the last couple of months as of writing
this research. Since stock markets react more quickly to the economic, political, social, and
other (un)expected events, the bulk of literature that focuses on short- and long-term effects
of the COVID-19 happenings has been growing rapidly. As more than 300 different factors
affect stock price movements [7], news and events such as epidemics and pandemics affect
the financial markets, as already previously documented ([8], see later in text; [9], who
estimated that total costs of the SARS outbreak would be 1.5% of China’s GDP; [10], who
developed a single country Computable General Equilibrium model to estimate the eco-
nomic impact of pandemic influenza; [11], implications of HIV/AIDS for government
finance and public services), as well as what could be done regarding future pandemics
and epidemics [12].

Stock market reactions to pandemic news could be classified in the field of behavioral
finance, whose roots start in [13–17]. This is due to investors’ under-reaction and over-
reactions to different news, which has a consequence of different stock market movements
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(of risk and return series) during specific periods [18]. Refs. [19,20] are some of the most
popular explanations of investor sentiment affecting the stock market movements. Emer-
gencies, such as the COVID-19 situation, should have impacts on investors’ psychological
state and sentiment, which will, in return, affect the stock price movements [3]. As the un-
certainty regarding COVID-19 is still present all over the world, it is expected to negatively
affect the stock market returns. This is due to previous findings of negative correlations
between stock returns and uncertainty [21].

However, there exist opposite opinions, such as the “three rules” of [22]: ”First,
the stock market is not the economy. Second, the stock market is not the economy. Third,
the stock market is not the economy”. The under- and over-reactions of investors due
to the COVID-19 issues have been discussed in [23] as well, where authors question if
the COVID-19 crisis does or not imply inefficiency of the stock markets, in terms of EHM
(efficient market hypothesis). Part of the “COVID” literature focuses on volatility reac-
tions [24–27] (and partly focuses on the return or price value [5,28]. Of course, research
that focuses on macroeconomic effects is growing as well, but it was not in the focus of this
research. For such analyses, see, e.g., [29–31], etc. Furthermore, different financial assets
have been the focus of the recent research, as the COVID-19 panic has affected all aspects
of life and economics (see [32], for banking, insurance, government, and publics; [33], for
oil prices, or crypto currencies in [34]).

Although the literature on various relationships between economic and financial vari-
ables is extremely large, there still exist gaps in the literature. The gap is found in estimating
the effects of exploiting such news regarding the spread of the COVID-19 virus, as well as
economic and political decisions regarding closing the economies and various economic
subjects. The contributions of this research are as follows. Firstly, empirical research on CE-
SEE (Central Europe and South Eastern Europe) stock markets regarding other relevant
topics is still scarce [35,36] and should be explored more. This is due to CESEE markets
still experiencing country-specific factors that dominate those markets [37]. This means
that potential gains could be exploited if some specific events affect those markets in a way
that is different compared to other developed markets. Furthermore, CESEE markets
have attractive risk-adjusted returns, as stated in [38]. Secondly, the event study approach
of COVID-19 effects utilized in this study has (to the knowledge of the author) not yet been
explored on the aforementioned markets. This is seen in an extensive study in the literature
review, in which only several CESEE countries were found as a part of the panel data
analysis. Thus, more insights are obtained into the investors’ reactions on these specific
markets. In that way, the effects of future similar events of pandemics or epidemics could
be forecasted in a better way possibly. This enables the (potential) investors to adjust
their anticipations and trading strategies. Thirdly, based on the results of CESEE market
reactions to specific announcements regarding COVID-19, a simulation of simple trading
strategies will be made in order to estimate whether some investors could have profited
in certain periods. If profits were not possible to make when the first news was announced
regarding the development of pandemic problems, some investors could have adjusted
their anticipations regarding other announcements. As some authors state that epidemics
could be observed as black swan events, leading to panic-selling responses on financial
markets [39], the contrarian followers could thus make profits. Although the analysis is
provided from the macro aspect, i.e., national stock market indices are observed, a first
glance will be given in the reactions of the CESEE markets. However, such markets are
characterized by less liquid stocks [40], which could be exploited in studies such as [41]
where 867 companies were included in the study. The main purpose of this study was to
evaluate the magnitude of the negative effects of COVID-19 on selected CESEE markets
and to obtain information about trading possibilities based on the results. The main goals
included testing the significance of negative effects on stock return series regarding specific
announcements about the pandemic dynamics and formulating trading strategies that
try to utilize the results via contrarian strategies. Thus, the research wants to show that
such strategies can obtain profits due to not panicking as the rest of the market. Two
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main hypotheses were the following ones. The first hypothesis was that specific negative
news regarding the pandemic had short-term negative effects on CESEE stock markets.
The second hypothesis was that contrarian strategies could have exploited such results
in order to obtain profits in pandemic times. The main contribution of this research is
twofold. Firstly, a detailed analysis of the CESEE market reactions to COVID-19 outbreak
was done (to the knowledge of the author) for the first time in the literature and, secondly,
the results were extended via simulating trading strategy that exploits such information.
The second contribution is a novel one in literature, as related work (please see second
section) usually does not observe this.

The rest of the paper is structured as follows. The Section 2 deals with an overview
of the related literature and the Section 3 describes the methodology used in the study.
The Section 4 includes the empirical analysis with the discussion and the final, Section 5
concludes the paper.

2. Related Literature Review

As the research on the COVID-19 effects exploded in the year 2020, bibliometric
analysis already existed [42–44] that analyzes different aspects of published work. Thus,
this part of the paper will focus on the research closely related to this paper, as much has
already been said about the effects of COVID-19 information on economies and financial
markets. The majority of focus here will be on similar markets, methodology, and research
questions. The consensus in the literature is that news regarding COVID-19 is classified as
“bad news” [45,46], with exceptions regarding the vaccine. A lot of COVID-19 literature
focuses on the Chinese stock market, due to the outbreak being in China: [47–51], etc.
Reference [47] observed short-term effects of the COVID-19 outbreak on 21 leading stock
markets, via event study methodology, but the authors focused on the most developed
markets. Thus, none of the markets included in this study were examined in the mentioned
study. Reference [49] also focused on the more developed markets, including the Chinese
one. This study utilized regression and the GARCH (generalized autoregressive condi-
tional heteroskedasticity) approach for individual markets by including a binary variable
regarding the COVID outbreak. Short-term negative effects were found on the analyzed
markets, with a quick rebound due to mean reverting process in the return series. The se-
vere effects on the Chinese stock markets were spilling over to other markets, as [50] found
an increase of the transmissions of shocks between the Chinese and other markets, not
only regarding stock trading, but oil and commodity markets. Reference [51] observed
the Chinese and the American stock market reactions to the COVID-19 outbreak, in March
of 2020, in which significant effects of new confirmed cases were significant in explaining
the market movements.

Some different approaches of analyzing the COVID-19 effects on stock markets are
found in, e.g., [52], where (M)GARCH (multivariate generalized autoregressive condi-
tional heteroskedasticity) was utilized on selected stocks, whose names were similar to
the virus name (e.g., Corona drink). Of course, negative effects of COVID were found
on these companies, although they did not have anything to do with the spread of the dis-
ease. Reference [27] used GARCH methodology to observe the effects of media coverage
and frenzy, which the authors called media panic. The authors focused on 23 sectoral
indices of the Dow Jones US index, for the period 1 January–30 April 2020. The increases
in volatility in the observed period were partially caused by the media coverage regard-
ing the pandemic. Sectoral and firm-level analysis of Chinese companies was analyzed
in [48], where authors utilized the Event Study Methodology (ESM) as well as regression
analysis based on the results of CARs (cumulative abnormal returns). Reversals of returns
were found on both levels, with overreactions on the Chinese markets found mostly from
the side of retail investors. Other approaches include panel regressions, such as panel least-
squares of VAR (vector autoregression) model in [53], where authors found negative effects
on different financial markets over the world; panel regression on GCC (Gulf Cooperation
Council) countries in [54], where authors observed that the observed stock markets react
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negatively to the confirmed new cases of the COVID pandemic; panel analysis of 13 major
stock markets in Europe, Asia, and USA in [55], where authors constructed a Google
search variable regarding the COVID virus as an additional variable in the return modeling
process; GARCH-MIDAS (mixed data sampling) in [56], where authors focused (again)
on the more developed markets, but here, the study focused on the stock market volatility
reaction to government interventions across the world; etc.

Existing literature does not provide much discussion on previous disease outbreaks
and their effects on stock markets. This was done in this paper so that more insight
on stock market reactions can be obtained for the future, unfortunately inevitable, disease
outbreaks. As different investors exist in financial markets, some try to exploit different
events, no matter the type of news (good or bad). Earlier studies that observe the effects
of epidemics/pandemics/disease outbreaks on the stock markets include the following
papers. Reference [57] observed the SARS (severe acute respiratory syndrome CoV-1)
effects on selected markets that were most representative in the world press at that time
(China, Canada, Hong King, Indonesia, Singapore, Philippines, Thailand, and Vietnam).
Event Study Methodology (ESM) was utilized for the period 1 June 2002 to 22 March
2003 for the short-term event window analysis (t-test and Mann–Whitney test). In short,
the SARS had a negative effect only on the Chinese and Vietnamese markets. Thus,
the authors concluded that results were contradictory to the press stories that SARS would
have a big negative impact in the countries that were affected by the mentioned disease.
However, the current situation regarding the COVID-19 disease has much different and
greater side effects, already documented all over the world.

This is confirmed in [46], in which authors concluded that previous infectious diseases,
including the Spanish Flu, did not affect the stock markets in such intensity. Reference [58]
focused on infectious diseases in Taiwan (H1N1, SARS, Dengue Fever, Enterovirus 71),
and applied the ESM to the biotechnology industry companies. The results indicated that
significant positive cumulative abnormal returns (CAR) before day 2 (of the outbreak), and
negative CARs after day 12. Not surprisingly, the outbreak had positive effects on the return
series of medical product companies. Reference [59] utilized the ESM, regression analysis
with the GARCH approach for the volatility modeling part for the Taiwanese hotel stock
return and risk performance during the SARS outbreak. The results showed negative
effects of the outbreak on the performance of hotel returns, especially in the first couple
of days of the event. The study of [60] focused on the Ebola and Arab Spring events. In this
study, 78 equity mutual funds, specialized in African countries, were analyzed, where it
was found that retail investors overreacted to the events, controlling for fund performance,
market returns, and expenses. Media coverage contributed to the higher withdrawals from
funds, when the coverage was negative, of course.

Studies on CEE, SEE, or CESEE markets are, to the knowledge of the author, non-existent.
Extensive research was made on major journal indexing archives, and there are just several
cases of including some of the markets in the total panel regression analysis. The majority
of found evidence or comments refer to newspapers, such as [61] or the IMFs’ [62] report
on these countries, but solely from macroeconomic and infrastructure aspects. Global Impact
Investing Network [63] estimated that investors will reduce capital inflows to emerging markets
such as the CESEE ones, due to COVID problems and uncertainties.

To conclude this section, it is evident that the research is constantly growing, but
there still exist gaps that need to be filled. A lot of papers are focusing on the markets
that are most developed and that are closely linked to the Chinese market. There are
much fewer studies that observe other markets, such as the CESEE ones, that are the focus
of this paper. Maybe the international investors are not so much interested in such markets
(although different reasoning has already been covered in the introduction). Due to fewer
diversification possibilities nowadays, which have extensively been documented [64–67],
markets such as CESEE ones could provide investors profitable strategies, even in bad
news times such as the COVID-19 frenzy. Furthermore, the possibilities of exploiting such
results have not been explored. Despite research comments on the dynamics and specific
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reactions of return or risk series (or other financial variables), some specific guidance for
investors interested in obtaining profits on such events has not yet been explored. That is
why the empirical section tries to evaluate how the investor can act based on the obtained
information if similar events and announcements occur in the future.

3. Methodology and Data Description
3.1. Event Study Methodology

Event Study Methodology (ESM) is widely used to assess the questions of “what if”
scenarios, to assess the value of stocks, portfolios, or investment funds if a scenario did
happen or did not, or if something happened and what would the value be if it did
not. Since stock markets react very quickly to different (un)expected announcements,
the ESM methodology is very useful to detect abnormal changes in return or volatility
series a few days before and after the announcement. ESM has been extensively used
over the last couple of decades to estimate the effects of announcements on stock markets
(examples include [68–73]. Within this methodology, it is assumed that the markets are
efficient and new information will be observed quickly, which was happening on major
stock markets, mentioned in the previous section. Here, reference [73,74] methodology is
followed, alongside [75,76] in the brief description of the ESM approach used in the main
part of the analysis.

The focus of the empirical part of the research was stock market indices. Thus,
in the market factor model, the regional market index was included as the explanatory vari-
able of the individual stock market indices, with the inclusion of inflation rates, exchange
rates (those countries that do not yet have Euros), unemployment rates, and short-term
interest rates, as previous studies included these variables [77]. It was supposed that
the researcher had data on N actual returns of stock market indices on date t, rit, where
i ∈ {1, 2, . . . , N}, t ∈ {1, 2, . . . , T}. The conditional returns, which are estimated based
on a model, E(rit|It), are based on the information I up to date t. These conditional returns
were used to evaluate, i.e., estimate, the effects of an event on the stock returns. The idea
was to compare the true returns, rit, to the conditional returns E(rit|It). The difference
between the actual and conditional returns is called the abnormal return, in notation ARit:

ARit = rit − E(rit|It). (1)

The conditional returns were estimated within a timeframe that is before the event
happens, i.e., in the pre-event window. The most basic approach was to estimate the mean
of the return series in the pre-event window (as it often yields similar results to more
sophisticated models, see [73,74]. Other approaches include the market model, where
the return series is estimated by including the regional stock market index. Next, in order
to control for country-specific effects, each conditional return can be estimated as follows:

E(rit|It) = αi + βiRit + γ1iexcit + γ2iirateit + εit, (2)

where Rit is the regional stock market return, exc is the exchange rate (for those countries
that do not have a total fixed exchange rate: Czechia, Croatia, Hungary, Poland, Romania,
and Serbia) of local currency to the Euro, and irate is the short-term interest rate of country
i, all on days t. Other potential control variables were not available on a daily basis (such
as the inflation rate or unemployment rate).

However, the problem with Equation (2) is that the COVID-19 effects are found
in the right-hand side of that model as well. So, it cannot be used in this analysis. The afore-
mentioned authors did not explain how they controlled for such effects, as the regional
indices and interest rates were affected by the COVID-19 as well. Models such as Equation
(2) can be used when the stocks or county indices were the only ones affected by some
events, but not the explanatory variables. As reference [78] found effects of COVID-19
on the exchange rates of the Visegrad Group of countries (which are included in this study),
such variables cannot be used as control ones.
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The εit is the error term, which can be white noise. If not, literature either estimates
model Equation (2) by using the [79] corrected standard errors or [80] corrections. Further-
more, if any of the variables are found to be non-stationary, they will be translated into
a stationary version to estimate Equation (2). Some researchers estimate the Equation (2)
with a GARCH specification included in the model. Either way, Equation (2) has to be
estimated in the pre-event window. The length of the window varies in the literature. Thus,
in this study, some typical approaches were used for robustness checking. Reference [81]
observes that research uses the length of the pre-event window ranging from 30 to 750 days.
References [82,83] showed that the results are not sensitive to the variation of the window
length, as long as the length exceeds 100 days.

Based on the previous analysis, the empirical approach of the study included the estima-
tion of the mean return in the pre-event window and, regarding the window length, a starting
point was 100 days, then for robustness checking 150 days as in [84], and, finally, the whole
trading year before the event window, as [59] used 232 days, and [8] used 252 days.

Next, the event-window length needs to be chosen. Since stock markets react quickly,
and the reactions die rather quickly, usually the event window is short. From a statistical
standpoint, reference [85] observed that the test properties tithing the event window are
affected by its length. Short-horizon window tests are well specified in terms of the power
of the test and type II errors (see [86]). That is why usually the days before and after
the event that are included in the event window are chosen so that the total length is 21
days (10 days prior, zero date, i.e., event date, 10 days after), 11 days (five days prior, five
days after) or 41 days (20 days prior and 20 days after the zero date). A length of 21 days
will be included, as some events happened very close one to another, which would lead to
overlapping results if greater window lengths were chosen.

Then, based on the estimation of the E(rit|It) in the pre-event window, the ARit values were
estimated as in Equation (1) in the event window for every country. Now, the null hypothesis
was tested in which it is assumed that a certain event did not have any effects on the stock
market returns. Firstly, the average abnormal return ARτ was calculated as follows:

ARτ =
1
N

N

∑
i=1

ARiτ , (3)

and its variance var(ARτ) = 1
N2

N
∑

i=1
σ2

εi
for every day τ in the event window. Next, cumulative

average abnormal returns CAR(τ1, τ2) were calculated between days τ1 and τ2 as:

CAR(τ1, τ2) =
τ2

∑
τ=τ1

ARτ, (4)

The corresponding variance was calculated as var(CAR(τ1, τ2)) = ∑τ2
τ=τ1 var

(
ARτ

)
.

The first test value that could can be used was calculated as:

θ1 =
CAR τ

var(CAR τ)
0.5 ∼ N(0, 1) (5)

The second test was a non-parametric test, the sign test, in which it is assumed that
the abnormal returns are independent across stock markets. That is why the proportion
of positive abnormal returns should be equal to the proportion to the negative ones, i.e.,
H0 assumes that p ≤ 0.5, where p is the proportion of the positive abnormal returns on day
τ. The second test value was calculated as:

θ2 =

(
N+

0.5
√

N
−
√

N
)
∼ N(0, 1), (6)
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where N+ is the number of stock indices that have positive abnormal returns on day τ.
As reference [75] indicated that the test value in Equation (6) is better for samples with
more stocks (or indices; sample size greater than 30), the value in Equation (6) as a non-
parametric one is better for smaller samples, as this research deals with. Three other
rank tests were observed as well, as additional robustness checking, as a small number
of countries in the analysis was included, which makes the test value in Equation (1)
problematic. These tests are such that the H0 assumes that the median value of a series
is equal to some value. In this specific case, it was assumed that the median of abnormal
returns on day τ was equal to 0. The alternative refers to the value being lower than 0
(i.e., one-sided test). The three tests utilized here were the binomial sign test, normal
approximation sign test, and the Wilcoxson signed-rank test [86]. Reference [87] stated that
a small cross-section analysis should include the sign or Wilcoxson tests.

3.2. Robustness Checking

Robustness checking of the results means that one needs to reevaluate the results
in a different way in order to obtain results that are reliable and meaningful. This could be
done in a variety of ways, depending on the initial research questions and used method-
ology. The main idea always is to test if the results are robust to changing something
in the whole approach of modeling or empirical analysis. Besides the robustness checking,
which was already mentioned in the previous section (regarding the length of the pre-
event windows), other approaches were analyzed as well. Although the methodology
that will be described here was different compared to the previous subsection, it was used
in previous literature as an alternative source of identifying the effect of the COVID-19
on the return and risk series. The regression approach of modeling the return series,
alongside the GARCH modeling regarding the volatility part, is popular [49,88]. One
approach is to include a binary variable that is equal to 1 during the COVID-19 pandemic
outbreak in the mean equation and the volatility equation as well. Another approach is
to include the daily number of infected people, as well as the number of deaths per day.
Since the focus was on the reactions a few days before and after certain announcements or
events, the first approach of the binary COVID variable was included in the conditional
mean and variance equations’ estimation to evaluate the effects on each stock market.

3.3. Data Description

The following countries were included in the CESEE group of countries, as OECD
(Organization for economic cooperation and development) [89,90] classifies them as such:
Bosnia and Herzegovina, Bulgaria, Croatia, Czechia, Hungary, Poland, Romania, Serbia,
Slovakia, Slovenia, and Ukraine (11 countries in total). These countries had the most
data available to perform the analysis. From the website [91], daily data on the stock
market indices for the mentioned countries were collected. The abbreviations for the rest
of the paper are provided in Table 1, with the starting date being 1 October 2018, and the end
dates varied depending on each event, with 1 April 2020 and 1 July 2020 for the robustness
checking section.
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Table 1. Description of the data and sources.

Country Abbreviation

Bosnia and Herzegovina Birs
Bulgaria Sofix
Croatia Crobex
Czechia Px

Hungary Budapest
Poland Wig

Romania Bet
Serbia Belex

Slovakia Sax
Slovenia Sbi
Ukraine Pfts

Sources: [91,92].

Next, the important event dates had to be collected, in order to observe if effects
were visible on these markets and if they could have been exploited. Previous literature
includes official dates when WHO (World Health Organization) announced some specific
statements/guidelines that had effects on almost all national economies, as well as the fi-
nancial markets. The events are given as follows, with detailed dates in Table 2, as some
event dates differ one from another for the same event. This was, of course, taken into
consideration in the calculation part.

Table 2. Main event dates to be tested.

Country/Dates Event 1 Event 2 Event 3 Event 4 Event 5

Bosnia and
Herzegovina

30 January 11 February

5 March

11 March

24 March

Bulgaria 8 March 13 March
Croatia 25 February 18 March
Czechia 1 March 16 March

Hungary 4 March 28 March
Poland 4 March 13 March

Romania 26 February 25 March
Serbia 6 March 15 March

Slovakia 6 March 13 March
Slovenia 5 March 12 March
Ukraine 3 March 17 March

Source: [93,94]. Note: all dates are in 2020.

• Event 1: WHO declared Public Health Emergency of International Concern (PHEIC)
regarding COVID-19 on 30 January 2020;

• Event 2: WHO announced the name “COVID-19”;
• Event 3: First person to be infected in the country;
• Event 4: WHO officially declared the pandemic on 11 March 2020;
• Event 5: Official first lockdown date of the economy.

The return series for every index was calculated via the formula: rt = ln (pt/pt-1),
where rt denotes the return series for country i, and pt is the stock index value on day t.
For every country, the peak day value of the index before the decline of that index was
normalized and values after that day, in order to have comparable results of the values
of the indices. This is shown in Figure 1, where a first glance is given into conclusions that
indices suffered the most, in terms of the strength of the plunge and not recovering fast
enough to the value before the COVID-19 events. The indices that reacted the most were
wig, px, and budapest, whereas smaller reactions were found in pfts, birs, and sax. Thus, it
is expected that the results that followed, when disaggregated (in terms of individual CARs
or ARs) would show this. This means that following future events and announcements
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regarding COVID-19 and similar problems could result in similar results, and investors
should carefully observe reactions of individual country indices. All of the calculation
analysis in this research was done in 2 h, as the Rstudio software provides a quick and easy
analysis, with graphics done in Excel.

Figure 1. Normalized values of indices, peak day and one month later. Note: Peak day value
normalized such that value of index is equal to 1, days of decline after the peak day, 30 days. Peak
day is defined as the highest value of the stock market index, after which the decline of the value
continued for more than two weeks.

4. Empirical Results
4.1. Main Analysis: ESM Estimation Results

For every mentioned event, the average return in the 100-days window length
of the pre-event window was estimated. The abnormal returns, and test values, with corre-
sponding p-values, are given in Tables 3–7. Each table corresponds to each of the events
described in Table 2. Events 1 and 2 (i.e., Tables 3 and 4) do not indicate the significance
of the stock market reactions to those announcements. Although there are some significant
results (please see asterixis in each table), the results are mixed, as not all tests confirmed
the same (non)rejection of the null hypothesis. Thus, it could be said that the observed
stock markets did not react to the PHEIC and formal name announcement. This is in line
with [95], who found that countries that did not suffer the SARS outbreak in 2003 underre-
acted to the announcement of the COVID outbreak. All of the countries in this study did
not experience SARS in 2003.
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Table 3. Event study test, event 1.

Day Theta 1 p-v Theta 2 p-v Sign p-v Sign (Normal
Approx) p-v Wilcoxon p-v

−10 −0.400 0.344 −0.302 0.382 10 0.006 *** 2.412 0.008 *** 2.356 0.009 ***
−9 −0.266 0.395 0.302 0.618 6 0.5 ≈0 0.5 1.022 0.158
−8 −0.251 0.401 −0.302 0.382 6 0.5 ≈0 0.5 0.044 0.484
−7 −0.550 0.291 −1.508 0.066 * 6 0.5 ≈0 0.5 −0.044 0.484
−6 0.057 0.523 1.508 0.934 8 0.113 1.206 0.114 2.000 0.027 **
−5 −0.095 0.462 −1.508 0.066 * 8 0.113 1.206 0.114 1.912 0.028 *
−4 −0.002 0.499 0.905 0.817 8 0.113 1.206 0.114 0.933 0.087 *
−3 −0.599 0.275 −2.111 0.017 ** 7 0.278 0.603 0.547 0.756 0.225
−2 −0.479 0.316 −0.302 0.382 9 0.065 * 1.809 0.070 * 2.445 0.015 **
−1 −0.916 0.180 −1.508 0.066 * 6 0.5 ≈0 0.5 0.044 0.484
0 −0.929 0.176 0.302 0.618 8 0.227 1.206 0.228 2.089 0.037 **
1 −0.869 0.192 0.302 0.618 6 0.5 ≈0 0.5 0.044 0.015 **
2 −1.076 0.141 0.302 0.618 6 0.5 ≈0 0.5 0.044 0.484
3 −0.849 0.198 1.508 0.934 6 0.5 ≈0 0.5 0.049 0.362
4 −0.927 0.177 0.905 0.817 8 0.113 1.206 0.114 2.089 0.018 **
5 −0.415 0.339 1.508 0.934 7 0.278 0.603 0.278 1.289 0.098 *
6 −0.329 0.371 −0.302 0.382 8 0.113 1.206 0.114 1.467 0.071 *
7 −0.397 0.346 −1.508 0.066 * 6 0.5 ≈0 0.5 0.133 0.447
8 −0.581 0.281 −0.302 0.382 8 0.113 1.206 0.114 1.022 0.258
9 −0.772 0.220 −0.302 0.382 6 0.5 ≈0 0.5 0.400 0.344

10 −0.541 0.294 0.905 0.817 6 0.5 ≈0 0.5 −0.044 0.484

Note: *, **, and *** denote significance on 10%, 5%, and 1%.

Table 4. Event study test, event 2.

Day Theta 1 p-v Theta 2 p-v Sign p-v Sign (Normal
Approx) p-v Wilcoxon p-v

−10 −0.048 0.481 −0.302 0.382 6 0.5 ≈0 0.5 0.044 0.482
−9 −0.325 0.373 −1.508 0.066 8 0.113 1.206 0.114 2.089 0.037 **
−8 −0.372 0.355 0.302 0.618 6 0.5 ≈0 0.5 0.044 0.482
−7 −0.349 0.363 0.302 0.618 6 0.5 ≈0 0.5 0.044 0.482
−6 −0.511 0.305 0.302 0.618 6 0.5 ≈0 0.5 0.049 0.362
−5 −0.263 0.396 1.508 0.934 6 0.5 ≈0 0.5 0.049 0.362
−4 −0.130 0.448 0.905 0.817 8 0.113 1.206 0.114 2.089 0.037 **
−3 0.103 0.541 1.508 0.934 7 0.274 0.603 0.274 1.289 0.098 *
−2 0.135 0.554 −0.302 0.382 8 0.113 1.206 0.114 1.467 0.071 *
−1 0.157 0.562 −1.508 0.066 * 6 0.5 ≈0 0.5 0.133 0.223
0 0.189 0.575 −0.302 0.382 8 0.113 1.206 0.114 1.022 0.153
1 0.305 0.620 −0.302 0.382 6 0.5 ≈0 0.5 0.400 0.344
2 0.242 0.596 0.905 0.817 6 0.5 ≈0 0.5 −0.044 0.482
3 0.259 0.602 0.905 0.817 7 0.274 0.603 0.274 0.222 0.412
4 0.489 0.688 0.905 0.817 7 0.274 0.603 0.274 0.311 0.378
5 0.094 0.538 0.302 0.618 7 0.274 0.603 0.274 1.022 0.152
6 0.305 0.620 0.905 0.817 6 0.5 ≈0 0.5 0.400 0.344
7 0.018 0.507 −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 2.000 0.045 **
8 −0.135 0.446 −0.905 0.183 7 0.274 0.603 0.274 1.022 0.079 *
9 −0.942 0.173 −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 2.356 0.009 **

10 −0.958 0.169 −1.508 0.066 * 8 0.113 1.206 0.114 1.823 0.034 **

Note: * and ** denote significance on 10% and 5%.
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Table 5. Event study test, event 3.

Day Theta 1 p-v Theta 2 p-v Sign p-v
Sign

(Normal
Approx)

p-v Wilcoxon p-v

−10 −0.056 0.478 0.302 0.618 6 0.5 ≈0 0.5 0.400 0.344
−9 −0.111 0.456 −0.905 0.183 7 0.274 0.603 0.274 0.577 0.281
−8 −0.240 0.405 −0.302 0.382 6 0.5 ≈0 0.5 0.222 0.412
−7 −0.351 0.363 −0.302 0.382 6 0.5 ≈0 0.5 0.133 0.412
−6 −0.547 0.292 −0.302 0.382 6 0.5 ≈0 0.5 0.756 0.275
−5 −0.922 0.178 −0.905 0.183 7 0.274 0.603 0.274 1.823 0.034 **
−4 −1.221 0.111 −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 1.734 0.041 **
−3 −1.520 0.064 * −2.714 0.003 *** 10 0.006 *** 2.412 0.008 *** 2.356 0.009 ***
−2 −1.584 0.057 * −1.508 0.066 * 8 0.113 1.206 0.114 1.289 0.098 *
−1 −1.153 0.124 0.302 0.618 6 0.5 ≈0 0.5 0.044 0.482
0 −1.095 0.137 −1.508 0.066 * 8 0.113 1.206 0.114 1.546 0.050 *
1 −1.280 0.100 −0.905 0.183 7 0.274 0.603 0.274 0.579 0.281
2 −1.879 0.030 ** −1.508 0.066 * 8 0.113 1.206 0.114 1.912 0.028 **
3 −1.585 0.057 * −1.508 0.066 * 8 0.113 1.206 0.114 1.378 0.084 *
4 −1.874 0.030 ** −1.508 0.066 * 8 0.113 1.206 0.114 1.823 0.034 **
5 −2.451 0.007 *** −0.905 0.183 7 0.274 0.603 0.274 2.000 0.027 **
6 −2.321 0.010 ** −1.508 0.066 * 8 0.113 1.206 0.114 1.912 0.028 **
7 −2.347 0.009 *** −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 1.912 0.028 **
8 −2.773 0.003 *** −1.508 0.066 * 8 0.113 1.206 0.114 1.378 0.084 *
9 −2.950 0.002 *** −0.905 0.183 7 0.274 0.603 0.274 1.378 0.084 *

10 −3.787 0.000 *** −1.508 0.066 * 8 0.113 1.206 0.114 1.556 0.060 *

Note: *, **, and *** denote significance on 10%, 5%, and 1%.

Table 6. Event study test, event 4.

Day Theta 1 p-v Theta 2 p-v Sign p-v
Sign

(Normal
Approx)

p-v Wilcoxon p-v

−10 1.055 0.854 2.714 0.997 7 0.274 0.603 0.274 0.311 0.378
−9 0.025 0.510 −0.905 0.183 7 0.274 0.603 0.274 1.823 0.034 *
−8 −0.461 0.322 −0.905 0.183 9 0.037 ** 1.809 0.035 ** 2.534 0.005 ***
−7 −0.908 0.182 −2.111 0.017 ** 6 0.5 ≈0 0.5 0.934 0.174
−6 −0.736 0.231 0.302 0.618 7 0.274 0.603 0.274 1.378 0.084 *
−5 −0.456 0.324 0.905 0.817 8 0.006 *** 1.206 0.114 1.022 0.153
−4 −0.694 0.244 −1.508 0.066 * 7 0.274 0.603 0.274 1.734 0.041 **
−3 −1.391 0.082 * −0.905 0.183 10 0.006 *** 2.412 0.016 ** 2.712 0.004 ***
−2 −1.790 0.037 ** −2.714 0.003 *** 10 0.006 *** 2.412 0.016 ** 2.801 0.002 ***
−1 −1.879 0.030 ** −2.714 0.003 *** 6 0.5 ≈0 0.5 0.400 0.344
0 −1.681 0.046 ** −0.302 0.382 8 0.006 *** 1.206 0.114 2.356 0.009 ***
1 −3.069 0.001 *** −1.508 0.066 * 10 0.006 *** 2.412 0.016 ** 2.800 0.002 ***
2 −2.704 0.003 *** −2.714 0.003 *** 6 0.5 ≈0 0.5 0.400 0.344
3 −2.341 0.010 *** 0.302 0.618 10 0.006 *** 2.412 0.016 ** 2.623 0.004 ***
4 −3.399 0.000 *** −2.714 0.003 *** 6 0.5 ≈0 0.5 0.311 0.378
5 −3.124 0.001 *** −0.302 0.382 11 0.000 *** 3.015 0.001 *** 2.890 0.001 ***
6 −4.218 0.000 *** −3.317 0.000 *** 7 0.274 0.603 0.274 0.756 0.275
7 −5.218 0.000 *** −0.905 0.183 7 0.274 0.603 0.274 1.556 0.006 *
8 −5.326 0.000 *** 0.905 0.817 10 0.006 *** 2.412 0.016 ** 2.801 0.002 ***
9 −7.124 0.000 *** −2.714 0.003 *** 8 0.006 *** 1.206 0.114 2.178 0.019 **

10 −5.163 0.000 *** 1.508 0.934 9 0.037 ** 1.809 0.035 ** 2.178 0.019 **

Note: *, **, and *** denote significance on 10%, 5%, and 1%.
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Table 7. Event study test, event 5.

Day Theta 1 p-v Theta 2 p-v Sign p-v
Sign

(Normal
Approx)

p-v Wilcoxon p-v

−10 −0.068 0.473 −0.302 0.382 6 0.5 ≈0 0.5 0.044 0.487
−9 −0.237 0.406 −0.905 0.183 7 0.279 0.603 0.273 1.111 0.183
−8 −0.447 0.327 −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 1.823 0.034 **
−7 −0.900 0.184 −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 2.356 0.009 ***
−6 −0.785 0.216 0.302 0.618 6 0.5 ≈0 0.5 0.222 0.824
−5 −1.261 0.104 −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 1.734 0.045 **
−4 −1.314 0.094 * −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 2.178 0.015 **
−3 −1.141 0.127 −0.905 0.183 7 0.279 0.603 0.273 0.400 0.344
−2 −1.611 0.054 * −0.905 0.183 7 0.279 0.603 0.273 1.734 0.046 **
−1 −1.594 0.055 * −0.905 0.183 7 0.279 0.603 0.273 1.200 0.165
0 −1.795 0.036 ** −1.508 0.066 * 8 0.113 1.206 0.113 1.645 0.050 *
1 −3.074 0.001 *** −2.111 0.017 ** 9 0.037 ** 1.809 0.035 ** 2.178 0.015 **
2 −3.237 0.001 *** −0.905 0.183 7 0.279 0.603 0.273 0.845 0.199
3 −3.486 0.000 *** −1.508 0.066 * 8 0.113 1.206 0.113 1.200 0.115
4 −4.301 0.000 *** 1.508 0.934 8 0.113 1.206 0.113 0.756 0.224
5 −4.392 0.000 *** −0.302 0.382 6 0.5 ≈0 0.5 0.400 0.344
6 −4.007 0.000 *** 0.302 0.618 6 0.5 ≈0 0.5 0.222 0.824
7 −3.643 0.000 *** −0.302 0.382 6 0.5 ≈0 0.5 0.311 0.472
8 −5.519 0.000 *** 0.905 0.817 7 0.279 0.603 0.273 1.378 0.084 *
9 −5.427 0.000 *** 0.905 0.817 7 0.279 0.603 0.273 1.467 0.071 *

10 −5.404 0.000 *** −1.508 0.066 * 8 0.113 1.206 0.113 0.845 0.199

Note: *, **, and *** denote significance on 10%, 5%, and 1%.

Next, results of events 3, 4, and 5 indicated significant reactions of the selected markets.
Firstly, event 3, the announcement of the first person to be infected in the country, had
significant results in the majority of cases after the announcement. The reactions were nega-
tive, i.e., ARs and CARs were significantly negative in days +1 to +10. This is in accordance
with [4], in which negative reactions are found even up to day +20. In order to obtain
insights into how individual CARs evolved over the event period for event 3, Figure 2 was
constructed. It depicts the values of all CARs. Due to significant results in Tables 4 and 5,
individual CARs are shown in Figures 3 and 4. The late reaction of returns on the examined
markets, when compared to some Asian ones, was found as in [96], as well as the results
here, which coincide with previous findings that lockdowns mitigated the negative effects
on stock markets, which is visible in Figure 4, which depicts the CARs around the national
lockdowns. It is visible that these CARs were not so big in absolute value when compared
to those in Figure 2.

The stock returns that reacted the most (when observing Figures 2–4) are wig, bu-
dapest, sbi, and px, which is in line with findings in [97,98], where these markets were
found to be most responsive to systematic shocks, as well as bad news reactions to the Brexit
vote in [35]. The reaction of sbi and wig is in line with [72] as well, where negative shocks
in economic uncertainties spilled over to those two returns in a great manner (i.e., the re-
turn series of sbi and wig were found to be net receivers of outside shocks). Furthermore,
the least reactions found regarding returns on pfts, birs, and sax are in line with [97],
in which the author found that systematic outside-country shocks had the least effects
on the mentioned markets, and as [72] found that uncertainties, especially for the pfts
series, were found not to affect certain country index returns in a significant manner. Some
of the reasoning on why certain index returns reacted so strongly and some had almost no
reaction at all to certain events is as follows. Firstly, some differences were found in the size
of the observed stock markets, market development, and concentration, as explained in [37],
and due to greater connectedness of certain stock markets with the West European ones [99].
Other differences can be found in [8,100]: Investor sentiment is different in countries that



Mathematics 2021, 9, 2077 13 of 20

are different in terms of cultural independence or interdependence. Analyzed countries
differ one from another in these terms. When the investor sentiment is affected such that
the herding effects distort the market expectations, reactions differ from country to country
as well (see [101]). More about the cultural independence and herding on stock markets is
analyzed in [102]. Other explanations include [103], as the investor actions rely on their
trust in the actions of formal institutions, such as the macroeconomic policy responses
(more details and references are in [96,104–106].

Figure 2. CARs for all countries, event 3.

Figure 3. CARs for all countries, event 4.
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Figure 4. CARs for all countries, event 5.

4.2. Robustness Checking: GARCH Estimation Results

For a robustness check, each return series was estimated as an ARMA(p,q)-GARCH
process, with a binary variable included for the period regarding Event 3 onwards. The se-
lection of the appropriate lengths p and q, as well as the GARCH specification for every
return series, was made based upon the Schwartz information criteria (detailed results
are available upon request). The idea was to test the significance of the binary variable
“COVID-19” in the whole observed period, from 3 January 2019 until 1 July 2020 for
long-term effects and until 1 April 2020 for short-term effects, as the majority of previous
findings indicated short-term stock market reactions to the COVID crisis. The results
of the estimated parameter besides the COVID variable and its significance are given
in Table 8. The short-term negative effects were more prominent in the mean equation,
whereas the variance of the return series was more affected in the long term. The afore-
mentioned analysis concluded similar results regarding (non)significance of the return
reactions of individual countries.

Table 8. Significance of binary variable “COVID-19”.

Index
3 January 2019–1 July 2020 3 January 2019–1 April 2020

Mean Equation Variance Equation Mean Equation Variance Equation

Belex −0.001 ** −0.003 *
Bet 3.03 × 10−5 * −0.009 * 0.0002 *
Birs −0.0004 ***

Budapest 0.0001 * −0.012 *
Crobex 6.02 × 10−5 ** 0.0003 *

Pfts
Px 8.07 × 10−5 * −0.014 ***
Sax
Sbi 8.07 × 10−5 **

Sofix
Wig 0.0004 ** −0.003 * 0.001 *

Note: Empty spaces denote no significance; *, **, and *** denote significance on 10%, 5%, and 1%.

4.3. Trading Simulation Results

Finally, due to the obtained insights that the CESEE stock markets reacted the most
in the case of the event 3 onwards (first person affected by the disease in the country),
the following simulations were made. It was assumed that the investor observed that
the CARs were declining after the zero date in event 3. Then, the investor decided on the +10
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day to buy all of the indices. This means that he would have bought the indices when
the lowest values of each index were achieved. Afterward, it was assumed that the investor
was holding equal weights of every index in his portfolio, until the stock markets recovered
around 10 April. This strategy is shown as the blue line on Figure 5, in which the portfolio
value of the strategy titled “exploiting” was the value the investor would be tracking over
the observed period. The values were normalized concerning the assumption that one
monetary unit value was invested during the simulation process.

Figure 5. Values of simulated portfolios.

Another strategy is called the “panicking” one, in which the red line in Figure 5 depicts
portfolio value if the investor has panicked during the event 3. Namely, it was assumed
that the investor sold his portfolio of all of the CESEE indices at the +1 day, then if he
decided to sell it on +2 day, etc., until the last day. Thus, the red line depicts the values
of a portfolio if the investor sold it on a particular date. Although some investors could
have obtained positive returns in the panicking scenario (around 3 March 2020), this could
have been pure luck. On the other side, the contrarian strategy, of buying when stock
markets were low and holding the portfolio until the initial panic settled down, would
have provided certain gains. Additionally, the strategies were corrected via 1% transaction
costs per transaction. The conclusions are the same (Figure 5).

These simple strategies provide useful information of those future similar events, if
the investors observe a plunge of stock values or stock market indices, that the exploiting
strategies could be profitable.

5. Conclusions

The focus of this paper was on whether the CESEE stock market returns reacted and
in which manner. Due to the extensive research already done, the literature overview
done before this paper indicated that, as usual, CESEE markets are often neglected. Thus,
as a starting point, several major announcements that could have affected the observed
market were examined, due to significant results found for other, more developed ones.
The main idea was to obtain insights into the collective reaction, but also if there exist
differences in the CAR series. The reasoning lies in the fact that, if due to the explained
differences of the selected stock markets, the reactions are somewhat mixed, how could
have the investor profited if he followed a contrarian strategy, i.e., not panicked. The panic
was more prominent in countries that were found to be more reactive to systematic shocks
outside the country in the previous literature, as well as due to the herding mentality,
especially during the bad times (bear markets). This could be exploitable in the future.
If new strains of the COVID-19 develop over the future even more (compared to the time
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of writing this study), if new vaccines are not efficient or distributed as quickly as now,
such problems exist and some markets could react more to such news compared to others.
That is why investors need to follow certain announcements and observe what is going
on in the next few days after the event. Those interested in exploiting negative (or positive
news) could have similar approaches made in the simulation part of this research. The re-
sults of this study are in line with previous related research, Liu et al. (2020), as this research
finds significant negative effects on the selected stock markets, with investors’ fear, i.e.,
panicking, being the transmission channel for the negative return realizations. Moreover,
this study found short-term effects on the selected stock markets. Although the effects were
short termed, investors could have obtained some profits. These effects are in line with [49],
where the markets were found to be self-correcting systems, as explained by irrational
exuberance. Furthermore, the results are in line with [55], where the results of risk-averted
investors spreading quickly over the markets is explained via the attention-induced price
pressure hypothesis.

When comparing the results of this study to the results from other crises, such as
the dot-com crisis and the global financial crisis (GFC), the conclusions are as follows. Early
work found that the contagion effects increased during the 1987 crash [107,108]. These
effects mean that the negative crisis effects spill over more quickly and with more severe
consequences compared to the normal times. Furthermore, the dot-com crisis was also
characterized by such effects [109], as was the global financial crisis [110] and the Euro-
zone debt crisis as well [111]. The negative effects of the COVID-19 crisis compared to
the aforementioned ones was confirmed in [112], where authors found similar characteris-
tics regarding stock markets’ reactions to those of previous crises. However, if the investor
utilizes the “pairs trading” strategy (see [113–115]), in which a trader tries to profit due to
short-term mispricing of stocks, as utilized in this study, this could be an arbitrage trading
strategy in which the investor can obtain profits. The link between this strategy and the one
used in this study is found in the idea of the “pairs trading” strategy, where a short position
is taken in the overperforming stock and a long position is held for the underperforming
one. The idea is that, due to the mean reverting process in every stock price, the values
of stocks will eventually converge to their true long-term values. A shock such as the neg-
ative news about the COVID-19 pandemic is something a contrarian investor knows is
temporary, and, by utilizing some kind of “pairs trading” strategy approach, he can either
save the value of his portfolio or even achieve extra gains in the short run. Thus, if other
bad news occurs regarding the pandemic or other news related to vaccines and eventual
medicines arise, investors can observe them as short-term shock deviations from long-term
values and utilize a “pairs trading” strategy to obtain extra profits.

However, there exists awareness of the shortfalls of the study. As mentioned in the in-
troduction, the liquidity of CESEE stock markets is not a new problem. This makes it
difficult to collect significant data on a sectoral or individual stock level. Thus, the reactions
obtained in this study are, in general, averaged. If better (more quality) data are obtained
in the future, the analysis could be made for other lockdowns (currently, some countries
are in the second lockdown and some are starting the third one). This could provide
a better picture of sectoral reactions regarding new announcements regarding vaccines,
the tourism industry, and other relevant sectors that are sometimes affected the most, not
only by the announcements but by the macroeconomic policy reactions regarding saving
the economy, employment, and other relevant aspects of the economy.
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72. Škrinjarić, T.; Orlović, Z. Effects of economic and political events on stock returns: Event study of Agrokor case in Croatia.

Croat. Econ. Surv. 2019, 21, 47–86. [CrossRef]
73. Brown, S.; Warner, J. Measuring security price performance. J. Financ. Econ. 1980, 8, 205–258. [CrossRef]
74. Brown, S.; Warner, J. Using daily stock returns: The case of event studies. J. Financ. Econ. 1985, 14, 3–31. [CrossRef]
75. MacKinlay, C. Event Studies in Economics and Finance. J. Econ. Lit. 1997, 35, 13–39.
76. Binder, J. The event study methodology since 1969. Rev. Quant. Financ. Account. 1998, 11, 111–137. [CrossRef]
77. Topcu, M.; Gulal, O.S. The Impact of COVID-19 on emerging stock markets. Financ. Res. Lett. 2020, 36, 101691. [CrossRef]
78. Czech, K.; Wielechowski, M.; Kotyza, P.; Benešova, I.; Laputkova, A. Shaking Stability: COVID-19 Impact on the Visegrad Group

Countries’ Financial Markets. Sustainability 2020, 12, 6282. [CrossRef]
79. White, H. A heteroskedasticity-Consistent Covariance Matrix Estimator and a Direct Test for Heteroskedasticity. Econometrica

1980, 48, 718–838. [CrossRef]
80. Newey, W.; West, K. A Simple, Positive Semi-definite, Heteroskedasticity and Autocorrelation Consistent Covariance Matrix.

Econometrica 1987, 55, 703–708. [CrossRef]
81. Holler, J. Event-study methodology and statistical significance. 2014, Germany: O1WIR Publisher for Economics, Computer

Science and Law.
82. Armitage, S. Event Study Methods and Evidence on Their Performance. J. Econ. Surv. 1995, 9, 25–52. [CrossRef]
83. Park, N. A guide to using event study methods in multi-country settings. Strateg. Manag. J. 2004, 25, 655–668. [CrossRef]
84. Singh, B.; Dhall, R.; Narang, S.; Rawat, S. The Outbreak of COVID-19 and Stock Market Responses: An Event Study and Panel

Data Analysis for G-20 Countries. Glob. Bus. Rev. 2020, 1–26. [CrossRef]
85. Kothari, S.P.; Warner, J.B. Econometrics of event studies. In Handbook of Corporate Finance: Empirical Corporate Finance; Eckbo, B.E.,

Ed.; Elsevier: Amsterdam, The Netherlands, 2007; Volume 1, pp. 3–36.
86. Sheskin, D.J. Handbook of Parametric and Nonparametric Statistical Procedures, 4th ed.; CRC Press: Boca Raton, FL, USA, 2004.
87. Fama, E.; Fisher, L.; Jensen, M.; Roll, R. The adjustment of stock prices to new information. Int. Econ. Rev. 1969, 10, 1–21.

[CrossRef]
88. Benzid, L.; Chebbi, K. The Impact of COVID-19 on Exchange Rate Volatility: Evidence Through GARCH Model. SSRN, 28 May

2020. Available online: https://ssrn.com/abstract=3612141 (accessed on 28 May 2020).
89. OECD. 2018. Available online: https://stats.oecd.org/glossary/detail.asp?ID=303 (accessed on 20 January 2021).
90. OECD. 2018. Available online: https://www.oecd.org/south-east-europe/economies/ (accessed on 20 January 2021).

http://doi.org/10.1080/0960310042000310579
http://doi.org/10.3846/16111699.2012.711360
http://doi.org/10.1016/j.ijhm.2005.11.004
http://doi.org/10.1016/j.ribaf.2017.05.004
https://www.intellinews.com/central-southeast-europe-stock-markets-jump-in-anticipation-of-covid-free-future-197421/
https://www.intellinews.com/central-southeast-europe-stock-markets-jump-in-anticipation-of-covid-free-future-197421/
https://thegiin.org/assets/The%20Impact%20Investing%20Market%20in%20the%20COVID19%20Context_An%20Overview.pdf
https://thegiin.org/assets/The%20Impact%20Investing%20Market%20in%20the%20COVID19%20Context_An%20Overview.pdf
http://doi.org/10.1016/0261-5606(94)00001-H
http://doi.org/10.1111/0022-1082.00340
http://doi.org/10.2469/faj.v50.n6.32
http://doi.org/10.1111/j.1540-6261.1997.tb02745.x
http://doi.org/10.2307/252888
http://doi.org/10.1016/S0148-6195(97)81515-9
http://doi.org/10.1016/S0378-4266(99)00093-X
http://doi.org/10.1002/smj.952
http://doi.org/10.15179/ces.21.1.2
http://doi.org/10.1016/0304-405X(80)90002-1
http://doi.org/10.1016/0304-405X(85)90042-X
http://doi.org/10.1023/A:1008295500105
http://doi.org/10.1016/j.frl.2020.101691
http://doi.org/10.3390/su12156282
http://doi.org/10.2307/1912934
http://doi.org/10.2307/1913610
http://doi.org/10.1111/j.1467-6419.1995.tb00109.x
http://doi.org/10.1002/smj.399
http://doi.org/10.1177/0972150920957274
http://doi.org/10.2307/2525569
https://ssrn.com/abstract=3612141
https://stats.oecd.org/glossary/detail.asp?ID=303
https://www.oecd.org/south-east-europe/economies/


Mathematics 2021, 9, 2077 20 of 20

91. Investing. 2021. Available online: https://www.investing.com (accessed on 20 January 2021).
92. Eurostat. 2021. Available online: https://ec.europa.eu/eurostat/data/database (accessed on 20 January 2021).
93. WHO. 2020. Available online: https://www.who.int/news/item/27-04-2020-who-timeline---covid-19 (accessed on 20 January

2021).
94. WHO. 2020. Available online: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline#event-

29 (accessed on 20 January 2021).
95. Ru, H.; Yang, E.; Zou, K. What Do We Learn from SARS-CoV-1 to SARS-CoV-2: Evidence from Global Stock Markets; SSRN Working

Paper; SSRN: Rochester, NY, USA, 2020.
96. Capelle-Blancard, G.; Desroziers, A. The stock market is not the economy? Insights from the COVID-19 crisis. Covid Economics:

Vetted and Real-Time Papers. CEPR Covid Econ. 2020, 28, 20–70.
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